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4.  Introduction 


When  this  project  began  in  1999,  during  the  first  year  of  the  grant,  the 
ultimate  goal  of  genetic  therapy  as  conceived  at  the  time  was  to  permanently 
introduce  new  DNA  into  a  patient’s  somatic  cells  to  express  a  therapeutic  gene 
product.  Much  of  the  excitement  about  gene  therapy  in  recent  years  originates 
from  spectacular  successes  in  understanding  the  pathomechanisms  of  mutations 
in  disease  genes,  together  with  rapid  technological  advances  in  cell  culture  and 
manipulation,  tissue  engraftment  and  methods  of  gene  transfer  and  delivery.  In 
the  skin,  much  of  this  progress  has  stemmed  from  understanding  the  structural 
features  of  the  epidermis  and  dermal-epidermal  junction,  largely  through 
molecular  cloning  of  genes  which  encode  proteins  critical  for  its  integrity,  and  has 
led  to  the  definition  of  the  molecular  basis  of  several  heritable  disorders.  The 
prototype  of  these  conditions  is  epidermolysis  bullosa,  which  manifests  with 
blistering  and  erosions  of  the  skin  and  mucous  membranes  spontaneously  or  as 
a  result  of  minor  trauma.  At  the  ultrastructural  and  histological  level,  the  blisters 
characteristic  of  hemidesmosomal  subtypes  of  junctional  EB  are  very  similar  to 
those  induced  by  chemical  vesicants  such  as  sulphur  mustard. 

In  the  late  1990s,  the  molecular  basis  of  the  hemidesmosomal  forms  of 
JEB  was  established  through  cloning  of  candidate  genes,  delineation  of 
pathogenetic  mutations  in  patients,  and  characterization  the  functional 
consequences  of  mutations  at  the  cellular  level.  Thus,  the  essential  prerequisites 
for  the  beginning  of  in  vitro  phenotypic  reversion  experiments  are  now  in  place, 
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and  we  believe  that  the  skin  is  an  ideal  target  organ  for  eventual  gene  delivery  in 
vivo  for  several  reasons.  These  include  the  availability  of  keratinocyte  culture  and 
grafting  techniques,  the  potential  for  targeting  stem  cells,  and  importantly,  the 
ability  to  remove  a  graft  in  the  event  of  unforeseen  complications.  We  proposed 
the  following  specific  aims: 


Specific  Aim  1 :  Assembly  of  contiguous  cDNA  constructs  for  introduction  of  the 
wild-type  cDNA  for  BPAG2  into  control  cells,  and  establishment  of  gene  transfer 
efficiency.  In  vitro  gene  transfer  efficiency  will  be  monitored  by  quantitative  PCR 
and  immunodetection  in  a  cell  culture  model  system. 

Specific  Aim  2:  Introduction  of  the  BPAG2  cDNA  into  cultured  JEB 
keratinocytes  using  nonviral  gene  transfer  techniques.  Creation  of  a  stably 
transfected  line  of  GABEB  patient  cells  will  be  tested  for  HD-AF  reconstitution 
potential  using  a  recombinant  skin  model  in  vitro. 

Significance 

Chemical  warfare  agents  such  as  sulfur  mustard  (bis  [2-chloroethyl] 
sulfide)  are  potent  cutaneous  vesicants  which  cause  blistering  in  the  skin  by 
inducing  separation  at  the  dermal-epidermal  junction.  At  the  ultrastructural  and 
histological  level,  the  blisters  characteristic  of  hemidesmosomal  subtypes  of 
junctional  EB  are  quite  similar  to  those  induced  by  chemical  vesicants  such  as 
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sulphur  mustard.  Although  the  pathoetiology  of  vesicant-induced  blistering  is  not 
well  understood,  several  studies  in  the  literature  point  to  structural  components  in 
the  basement  membrane  as  potential  targets  for  vesication.  Several  of  these 
targets,  including  laminins  and  BPAG2,  are  the  same  protein  components  which 
are  missing  or  abnormal  in  patients  with  the  hemidesmosomal  subtypes  of  JEB. 
Therefore,  using  JEB  cells  as  an  in  vitro  model  system  in  this  study,  we  will 
develop  the  methodology  for  replacement  of  these  proteins  by  gene  therapy  into 
deficient  cells. 

The  ability  to  create  genetically  enhanced  skin  grafts  has  direct 
implications  toward  the  improvement  of  combat  readiness  and  increased 
rates  of  wound  healing  in  military  situations  in  which  chemical  warfare 
agents  have  been  deployed.  The  feasibility  of  grafting  genetically-modified 
keratinocytes  for  enhanced  wound  healing  has  recently  been  demonstrated  using 
an  agent  which  increases  neovascularization  in  the  wound  bed.  Keratinocyte 
grafts  which  are  engineered  to  over-express  basement  membrane  components 
could  serve  as  a  temporary,  readily  available,  and  easy  to  apply  allograft  in 
military  situations  when  the  initial  7-14  day  window  for  wound  healing  is  critical. 
This  type  of  cell-based  method  for  the  synthesis  and  delivery  of  local  basement 
membrane  zone  components  could  rapidly  provide  the  initial  scaffold  essential 
for  re-epithelialization  during  wound  healing.  Development  of  this  technology 
would  thereby  greatly  speed  the  initial  wound  healing  process,  and  return 
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military  personnel  injured  with  cutaneous  vesicants  to  combat-ready  status 
faster  and  with  an  improved  rate  of  wound  closure. 

Overall  Goals  and  Hypothesis 

The  overall  goal  of  our  studies  was  to  establish  the  feasibility  of 
delivering  cellular  ‘bandages’  to  chronically  wounded  skin,  using  JEB 
keratinocytes  as  an  in  vitro  model  system,  and  we  initially  sought  to  address  the 
issues  of  sustained  targeted  temporal  and  cell-type  specific  expression.  The 
next  step  in  the  transfer  of  this  technology  to  chronically  wounded  skin  would  be 
the  application  of  ex  vivo  gene  delivery  by  grafting  of  genetically  engineered 
keratinocytes.  It  is  anticipated  that  these  results  may  be  directly  relevant  to 
the  development  of  novel  wound-care  treatment  modalities  which 
synthetically  recapitulate  basement  membrane  components,  by  enhanced 
wound  healing  using  genetically-engineered  “bandages”  of  keratinocytes. 


5.  Body 

The  studies  outlined  in  this  proposal  initially  focused  upon  delivery  of  the 
BPAG2  gene  to  GABEB  patient  cells  as  a  model  for  producing  genetically 
modified  keratinocytes  with  enhanced  wound  healing  capabilities.  The 
preliminary  studies  for  application  of  gene  therapy  in  patients  include 
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demonstration  of  in  vitro  phenotypic  reversion  in  a  model  system,  such  as  the 
model  outlined  in  this  proposal. 

During  the  initial  12  month  period  of  the  project,  we  have  been 
establishing  the  basic  systems  that  will  be  used  to  perform  the  proposed  tasks. 
Specifically,  we  have  been  focusing  on  creating  the  model  systems  to  be  used 
for  the  in  vitro  gene  therapy  experiments.  The  critical  elements  of  this  system  are 
1)  the  gene  construct,  2)  the  gene  delivery  methodology,  and  3)  the  in  vitro  skin 
model.  We  have  made  significant  progress  in  the  first  12  month  period,  and 
completed  the  construct  as  well  as  developed  the  quantitative  PCR  assay  for  use 
in  monitoring  transgene  expression. 

/.  Progress  in  Task  1:  To  create  a  recombinant  plasmid  vector  containing 
the  entire  coding  sequence  of  BPAG2  (1-18  months) 

a.  Rationale  and  Experimental  Design 

1 .  Assembly  of  a  contiguous  BPAG2  cDNA  construct 

To  create  the  gene  construct  to  be  used  for  gene  replacement  of  BPAG2, 
we  devised  a  detailed  gene  assembly  strategy  and  successfully  proceeded  with 
the  construction  of  the  therapeutic  gene  construct,  mainly  relying  on  PCR  and 
traditional  cloning  techniques.  During  the  design  preparation,  we  took  into 
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consideration  the  different  requirements  of  the  potential  delivery  techniques  as 


well. 


The  characterization  and  construction  of  a  contiguous  BPAG2  cDNA 
involved  extensive  PCR  synthesis  and  ligation  steps.  Novel  restriction 
endonuclease  sites  were  introduced  into  the  cDNA  sequence  (GenBank 
#M91669)  using  primer-directed  mutagenesis.  The  restriction  sites  were 
selected  with  the  computer  program  Silent  (Genetics  Computing  Group)  and  did 
not  affect  the  amino  acid  sequence  encoded  by  these  clones. 

We  performed  long-range  RT-PCR  from  keratinocyte  mRNA,  followed  by 
standard  subcloning,  sequencing  and  ligation  steps,  in  addition  to  the  inclusion  of 
linkers  to  facilitate  ligation  as  needed.  Long-range  PCR  was  performed  using  the 
EXPAND  Long  Template  PCR  System  (Boehringer  Mannheim)  with  increasing 
extension  times.  PCR  generated  clones  were  sequenced  in  both  directions  using 
automated  sequencing  on  ABI  Prism  310  Sequencers  available  to  us  through  the 
Skin  Disease  Research  Center  grant  in  the  Department  of  Dermatology.  The 
contiguous  BPAG2  cDNA  was  assembled  in  pBluescript  for  convenience  during 
the  ligation  steps. 

Upon  completion  of  the  contig,  the  ~5.9  kb  insert  was  ligated  into  a 
plasmid  containing  the  CMV  promoter,  which  was  provided  by  Dr.  Elizabeth 
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Fenjves,  in  the  gene  therapy  laboratory  of  Dr.  Lome  Taichman  at  SUNY  Stony 
Brook.  Our  BPAG  encoding  construct  is  referred  to  as  pCMV-BPAG2. 

2.  Introduction  of  an  immunohistochemical  tag  for  detection  of  BPAG2  protein 
production 

As  an  alternative  to  using  anti-BPAG2  antibodies  for  immunodetection  of 
protein  produced  by  transfected  keratinocytes,  as  well  as  to  distinguish  the 
recombinant  BPAG2  from  endogenous,  we  instead  introduced  a  short  sequence 
to  the  amino-terminal  end  of  the  construct  which  will  enable  detection  by  the 
commercially  available  FLAG  system.  The  immunodetectable  recombinant 
protein  product  was  designed  to  be  used  for  morphological  studies  in  the 
reconstituted  HD-AF  complexes  in  recombinant  skin  models  in  later  studies.  We 
were  assisted  in  the  use  of  the  FLAG  system  by  Dr.  Karima  Djabali,  a  local 
collaborator  in  the  Department  of  Dermatology,  who  had  extensive  experience  in 
designing  constructs  with  FLAG  tags  (Djabali,  et  al.,  2001).  This  construct  is 
referred  to  as  FLAG-BPAG2.  In  addition,  Dr.  Djabali  provided  expertise  in 
helping  us  with  the  transfection  techniques  into  cultured  keratinocytes  using 
Lipofectamine. 

3.  Development  of  a  quantitative  PCR  assay  for  pCMV-BPAG2 

A  quantitative  PCR  assay  was  created  to  monitor  the  relative  levels  of 
expression  of  the  mRNA  off  the  transgene,  based  on  the  novel  restriction  sites 
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introduced  into  the  construct  during  the  ligation  design  strategy  (above).  These 
novel  restriction  sites  were  used  to  distinguish  mRNA  generated  by  the 
transgene  from  any  detectable  mRNA  from  the  endogenous  genes.  PCR 
quantitation  was  carried  out  by  restriction  digestion  of  the  PCR  product  with  the 
restriction  endonuclease  specific  for  the  transgene,  fractionation  on  1  %  agarose, 
transfer  of  the  products  to  nylon  filters,  and  hybridization  using  an  oligonucleotide 
probe  common  to  both  products.  After  exposure  to  autoradiography,  relative 
ratios  were  normalized  and  calculated  following  densitometric  scanning. 

b.  Outcomes.  Results  and  Future  Directions 

The  assembly  of  the  plasmid  was  essentially  completed  within  the  first 
year  of  the  project.  In  addition,  we  succeeded  in  FLAG-tagging  the  BPAG2 
construct  which  allowed  us  to  follow  expression  and  discriminate  between 
transgenic  and  endogenous  BPAG2.  During  this  year,  the  methodologies  for 
more  sophisticated  quantitation  by  PCR  began  to  emerge,  thus  as  an  alternative 
approach  we  will  investigate  the  utility  of  the  iCycler  iQ  real-time  PCR  machine 
(Life  Technology)  or  similar  methods  which  are  available  on  campus  in  a  Core 
Facility  in  the  Hammer  Building. 

II.  Progress  in  Task  2:  To  transiently  express  the  BPAG2  cDNA  and 
monitor  its  expression  in  vitro  (18-30  months) 

a.  Rationale  and  Experimental  Design 
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As  a  preparation  for  gene  transfection  experiments  in  Task  2,  we  tested 
and  compared  several  different  available  delivery  techniques  by  performing  a 
series  of  transfection  experiments  using  reporter  gene  systems  (such  as  GFP)  or 
antibiotic  selection  to  assess  transfection  efficiency.  During  these  initial 
experiments,  we  used  different  cell  types  mainly  from  unaffected  individuals,  and 
tested  control  plasmids  as  well  as  FLAG-BPAG2.  We  compared  and  tested 
different  non-viral  methods  of  delivery,  including  cationic  liposomes  and 
macromolecules,  and  it  appeared  that  Lipofectamine  gave  the  most  reproducible 
results.  Once  optimized,  these  experimental  conditions  will  be  used  with  the 
construct  developed  in  Task  1  for  introduction  into  cultured  cells. 

b.  Outcomes.  Results  and  Future  Directions 

Using  these  systems,  we  were  able  to  accomplish  moderate-to-high 
transfection  efficiency  (15-25%)  with  different  systems  and  mid-to-long  term  gene 
expression  (2-3  weeks),  similar  to  published  reports  at  that  time.  However,  data 
began  to  emerge  during  this  period  on  the  use  of  retroviral  delivery  system  into 
keratinocytes,  which  produced  greater  transduction  efficiency  and  also  resulted 
in  longer  term  sustained  expression.  We  consulted  with  Dr.  Elizabeth  Fenjves,  a 
collaborator  on  this  grant,  who  in  addition  to  advising  us  on  the  use  of  pCMV, 
also  had  extensive  experience  in  the  use  of  retroviral  methods.  Using  her 
reagents  from  Stony  Brook,  we  had  success  with  retroviral  transduction  of  control 
viruses  into  keratinocytes  and  were  able  to  reproduce  her  results.  Thus  it 
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seemed  that  for  longer  term,  higher  effiency  gene  introduction,  that  viral 
transduction  was  superior  to  transfection.  Several  papers  appeared  in  the 
literature  during  the  first  award  period  that  supported  this  view  (Seitz,  et  al, 

1999).  Accordingly,  at  the  end  of  the  first  period  we  contemplated  moving  into  a 
retroviral  delivery  system  for  BPAG2. 

III.  Progress  in  Task  3:  To  transfect  the  BPAG2  cDNA  into  cultured  GABEB 
patient  kerafmocytes  and  monitor  their  expression  in  recombinant  skin 
models  (18-36  months) 

a.  Rationale  and  Experimental  Design 

To  accomplish  the  goal  of  in  vitro  gene  therapy,  even  though  it  was  early 
in  the  grant,  we  began  working  on  the  in  vitro  skin  model  described  in  the 
proposal.  We  initiated  extended  cultures  of  the  different  cells  used  in  the 
assembly  of  the  final  skin  model,  including  normal  and  patient  keratinocytes  with 
EB  and  fibroblasts.  To  be  able  to  study  the  characteristics  of  the  proposed 
model,  we  first  proceeded  with  the  assembly  of  a  model  consisting  of  normal 
cells,  to  be  used  as  a  control  during  the  gene  replacement  experiments. 
According  to  the  experimental  outline,  we  performed  a  two-step  assembly. 
During  the  first  phase,  we  developed  a  multi-layer  fibroblast  base,  which  served 
as  an  acceptor  surface  for  the  engineered  keratinocytes  to  be  delivered  in  the 
second  phase.  After  successful  attachment  of  the  seeded  kerafmocytes,  the 
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cultures  were  elevated  to  the  air-liquid  interface  to  allow  the  multi-layer  growth 
and  differentiation  of  the  keratinocytes  and  expression  of  the  transgene. 

b.  Outcomes.  Results  and  Future  Directions 

We  will  continue  to  make  improvements  in  the  culture  model  systems  in 
the  second  and  third  award  periods  as  outlined  in  the  proposal  for  months  18-36. 
Several  reports  appeared  in  the  1999-2000  period  which  would  help  to  shape  our 
thinking  about  the  nature  of  our  delivery  systems  and  how  they  might  be 
improved,  in  particular  the  work  of  Seitz  et  al.  in  which  gene  delivery  of  BPAG2 
(also  known  as  BP180)  was  performed  (Seitz  et  al.,  1999).  Please  refer  to 
Section  8  below  (Conclusions)  for  futher  discussion  of  our  future  directions  at  the 
end  of  the  first  year. 


6.  Key  research  accomplishments 

In  the  first  award  period,  the  assembly  of  the  plasmid  was  essentially 
completed.  In  addition,  we  succeeded  in  FLAG-tagging  the  BPAG2  construct 
which  allowed  us  to  follow  expression  and  discriminate  between  transgenic 
BPAG2  and  endogenous.  Thus  we  have  completed  all  or  most  of  the 
experiments  related  to  Task  1  (1-18  months)  and  have  begun  working  on 
conditions  for  Tasks  2  and  3. 


14 


7.  Reportable  Outcomes 


Directly  related  to  this  Award: 

1.  Hengge  UR,  Taichman  LB,  Kaur  P,  Rogers  G,  Jensen  TG,  Goldsmith  LA, 
Rees  JL,  Christiano  AM.  (1999)  How  realistic  is  cutaneous  gene  therapy?  Exp 
Dermatol.  8:419-31. 

Other  areas  of  EB  Research  in  the  Lab: 

2.  Cserhalmi-Friedman,  P.B.,  Grossman,  J.,  Karpati,  S.,  Ahmad,  W.,  Horvath,  A. 
and  Christiano.  A.M.  (1999)  Identification  of  a  de  novo  Glycine  Substitution  in 
the  Type  VII  Collagen  Gene  in  a  Proband  with  Mild  Dystrophic  Epidermolysis 
Bullosa.  Exp.  Dermatol.  8:143-145. 


3.  Christiano.  A.M..  Crollick,  J.,  Pincus,  S.  and  Uitto,  J.  (1999)  Dominant 
Dystrophic  Epidermolysis  Bullosa  with  Squamous  Cell  Carcinoma:  A  Molecular 
Study.  Exp.  Dermatol.  8:146-152. 

4.  Cserhalmi-Friedman,  P.B.,  Tang,  Y„  Grifo,  J.A.  and  Christiano,  A.IVL  (2000) 
Preimplantation  Genetic  Diagnosis  in  Two  Families  at  Risk  for  Recurrence  of 
Herlitz  Junctional  Epidermolysis  Bullosa.  Exp.  Dermatol.  9:290-297. 
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8.  Conclusions  and  Future  Directions 


The  initial  period  of  this  research  project  was  successful  in  establishing  the 
basic  systems  and  materials  necessary  to  accomplish  the  ultimate  goal  of  this 
proposal,  that  of  successful  in  vitro  gene  replacement.  In  particular,  we 
completed  the  vector  construction  and  began  preparations  for  the  skin  models. 
We  had  particular  success  in  the  early  attempts  at  the  recombinant  skin  models 
and  were  easily  able  to  recapitulate  the  previous  work  of  others  in  establishing 
these  important  reagents. 

During  the  first  award  period  1999-2000,  a  paper  appeared  in  the  literature 
by  Seitz  et  al.  (1999)  which  reported  delivery  of  BPAG2  (BP180)  using  retroviral 
transduction  of  patient  keratinocytes  and  containing  many  of  the  same 
approaches  outlined  in  our  proposal.  These  investigators  demonstrated 
restoration  of  BPAG2  from  patient  keratinocytes,  and  subsequent  normalization 
of  the  adhesion  defect  or  keratinocytes  in  culture.  Further,  regenerated  skin  with 
transduced  keratinocytes  was  then  grafted  onto  nude  mice  and  it  was  shown  that 
reconstitution  of  a  normal  dermal-epidermal  junction  occurred  in  the  engineered 
cells  but  not  in  the  untransduced  controls.  It  was  very  gratifying  to  see  that  our 
hypothesis  was  indeed  correct,  and  that  in  fact  as  we  and  others  had  predicted, 
introduction  of  exogenous  BPAG2  could  indeed  reverse  the  phenotype  of  patient 
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skin  with  mutations  and  improve  adhesion  and  integrity,  at  least  in  model 
systems. 

The  appearance  of  this  work  and  several  others  around  this  time  clearly 
demonstrated  the  feasibility  of  gene  introduction  techniques  for  the  purposes  of 
gene  therapy  for  different  types  of  EB  (Bauer,  et  al.,  1999;  Khavari,  2000). 

Importantly,  however,  these  papers  underscored  several  of  the  emerging 
difficulties  of  all  gene  therapy  approaches  in  many  tissues  other  than  skin, 
including:  1)  low  efficiency  of  gene  introduction;  2)  lack  of  sustainable 
long-term  expression;  3)  inability  to  target  the  stem  cell  compartment  and 
4)  the  potential  for  immune  response  against  the  protein,  which  is  foreign 
to  the  patient  due  to  genetic  mutations. 

Clearly  all  of  these  obstacles  also  bore  relevance  to  the  subject  of  military 
relevance  of  our  application  in  terms  of  the  feasibility  of  creating  generic  cellular 
‘bandages’.  If  we  and  others  were  not  able  to  achieve  long  term  viability  of  easily 
produced  keratinocyte-fibroblast  recombinant  skin  systems,  then  these 
technologies  would  represent  very  limited  applications  for  only  a  handful  of 
patients.  Also,  the  utilization  of  retrovirus  and  adenovirus  vectors  in  human 
gene  therapy  at  this  time  also  became  controversial  due  to  the  unexpected  life- 
threatening  complications  that  arose  during  in  vivo  gene  therapy  trials  in  humans 
(Russi,  et  al,  1997;  Wivel  and  Wilson,  1998;  Harvey,  et  al.,  1999).  Thus  we 
ended  the  first  award  period  with  the  feeling  of  satisfation  that  our  hypothesis  had 
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been  validated  (Seitz  et  al,  1999),  but  at  the  same  time,  with  a  new  challenge  -  to 
devise  a  more  universally  applicable,  easily  accessable,  non-virally  mediated  skin 
equivalent  that  had  all  of  the  following  properties:  1)  long  term  gene  expression; 
2)  the  presence  of  stem  cells;  and  3)  lack  of  immune  response,  or  conversely,  a 
source  of  universal  donor  tissue  from  which  engineered  ‘bandages’  could  be 
developed,  both  for  the  different  forms  of  EB,  but  importantly,  for  the  purpose  of 
fulfilling  the  original  goals  of  this  award  -  to  establish  the  feasibility  of 
delivering  cellular  ‘bandages’  to  chronically  wounded  skin. 

9.  References 


Bauer,  E.A.,  Herron,  G.S.,  Marinkovich,  M.P.,  Khavari,  P.A.,  Lane,  A.T.  Gene 
therapy  for  a  lethal  genetic  blistering  disease:  a  status  report.  Trans  Am  Clin 
Climatol  Assoc.  110:86-92, 1999. 

Djabali,  K.,  Aita,  V.M.,  and  Christiano,  A.M.  Hairless  is  translocated  to  the 
nucleus  via  a  novel  bipartite  nuclear  localization  signal  and  is  associated  with  the 
nuclear  matrix.  J.  Cell  Sci.  114:367-376,  2001. 

Harvey,  B.G.,  Worgall,  S.,  Ely,  S„  Leopold,  P.L.,  Crystal,  R.G.  Cellular  immune 
responses  of  healthy  individuals  to  intradermal  administration  of  an  E1-E3- 
adenovirus  gene  transfer  vector.  Hum  GeneTher.  10:2823-37, 1999. 


18 


Khavari,  P.A.  Genetic  correction  of  inherited  epidermal  disorders.  Hum  Gene 
Ther.  11:2277-82,  2000. 

Russi,  T.J.,  Hirschowitz,  E.A.,  Crystal,  R,G.  Delayed-type  hypersensitivity 
response  to  high  doses  of  adenoviral  vectors.  Hum  Gene  Ther.  8:323-30, 1997. 

Seitz,  C.S.,  Giudice,  G.J.,  Balding,  S.D.,  Marinkovich,  M.P.  and  Khavari,  P.A. 
BP180  Gene  delivery  in  junctional  epidermolysis  bullosa.  Gene  Ther.  6:42-47, 
1999. 

Wivel,  N.A.,  Wilson,  J.M.  Methods  of  gene  delivery.  Hematol  Oncol  Clin  North 
Am.  12:483-501,  1998. 


10.  Appendices 


Publication  #1  is  included. 


19 


Copyright  •£>  Munksgaurd  /  Vy V 


Exp  Dermatol  l vvv  .y  v/y  ./.?/ 

Printed  in  Pennutrk  •  .•!  //  rights  reserved  - 

Experimental  Dermatology 

♦  AS.V/V  fWM-rt7W 

Controversies  in  Experimental  Dermatology 

Section  Editor:  Ralf  Paus,  Hamburg 

How  realistic  is  cutaneous  gene  therapy? 


Hengge  UR,  Taichman  LB,  Kaur  P,  Rogers  G,  Jensen  TG,  Goldsmith 
LA,  Rees  JL,  Christiano  AM.  How  realistic  is  cutaneous  gene  therapy’ 
Exp  Dermatol  1999:  8:  419-431.  ©  Munksgaard,  1999 


U.  R.  Hengge,  L.  B.  Taichman, 
P.  Kaur,  G.  Rogers, 

T.  G.  Jensen,  L.  A.  Goldsmith, 

J.  L.  Rees  and  A.  M.  Christiano 


Recent  progress  with  innovative,  experimental  gene 
therapy  approaches  in  animals,  and  recent  improve¬ 
ments  in  our  understanding  and  manipulation  of  stem 
cells,  gene  expression  and  gene  delivery  systems,  have 
raised  plenty  of  hopes  in  essentially  all  branches  of 
clinical  medicine  that  hitherto  untreatable  or  poorly 
manageable  diseases  will  soon  become  amenable  to 
treatment.  Few  other  organ  systems  have  received 
such  enthusiastic  reviews  in  recent  years  as  to  the 
chances  and  prospects  of  gene  therapy  as  the  skin, 
with  its  excellent  accessibility  and  its  pools  of-  seem¬ 
ingly  -  readily  manipulated  epithelial  stem  cells  (cf. 
Cotsarelis  et  aL,  Exp  Dermatol  1999: 8: 80-88). 


However,  as  in  other  sectors  of  clinical  medicine, 
the  actual  implementation  of  general  gene  therapy 
strategies  in  clinical  practice  has  been  faced  with  a 
range  of  serious  difficulties  (cf.  Smith,  Lancet  1999: 
354  (suppl  1):  1-4;  Lattime  &  Gerson  (eds.),  Gene 
Therapy  of  Cancer,  Academic  Press,  San  Diego, 
1999).  Thus,  it  is  critically  important  to  carefully 
distinguish  unfounded  hype  from  justified  hope  in 
this  embryonal  area  of  dermatologic  therapy,  to  dis¬ 
cuss  in  detail  what  can  be  realistically  expected  from 
cutaneous  gene  therapy  approaches  in  the  next  few 
years,  and  importantly,  what  kind  of  promises  should 
not  be  made  to  our  patients  at  this  time. 


Viewpoint  1 


Gene  therapy  is  a  new  field  of  biotechnology  that 
deals  with  treating  diseases  with  DNA.  While 
early  gene  therapy  was  confined  to  hematopoietic 
cells,  the  skin  has  rapidly  become  a  major  organ 
for  genetic  manipulations  due  to  its  accessibility 
and  immunological  properties.  Both  skin  fibro¬ 
blasts  and  epidermal  keratinocytes  have  been 
employed  as  targets.  In  order  to  appreciate  its 
value,  it  is  important  to  recall  the  different  seen- 


Skin  as  a  bioreactor 
Skin  as  a  metabolic  sink 
Skin  as  a  vaccination  organ 
Skin  treatment 


Figure  /.  Various  scenarios  for  skin  gene  therapy. 


arios  in  which  skin  gene  therapy  can  be  helpful 
(Fig.  1). 

First,  the  skin  can  serve  to  , synthesize  various 
proteins  that  have  therapeutic  value,  either  system- 
ically  or  locally.  In  this  regard,  the  first  systemic 
corrective  genetic  approach  was  performed  in 
1987  with  transduced  fibroblasts  or  transduced 
autologous  ■  *  lymphocytes’ '  from  v"aderibsihe-de- " 
aminase-deficient  humans  .  for  severe  'combined 
immunodeficiency  (SOD)  syndrome  tising  '  retro-- 
viral  vectors  (1,  21).  At  the  same  time,  human 
epidermal  grafts  were  obtained  from  human 
growth  hormone-transduced  keratinocytes  (20), 
or  from  human  apolipoprotein  E  (apo  E)-trans- 
fected  keratinocytes  grafted  onto  athymic  rats  (9). 
In  these  studies,  the  formation  of  a  differentiated 
epidermis  with  genetically  modified  keratinocytes 
and  the  continuous  production  of  therapeutic 
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proteins  that  gained  access  to  the  bloodstream 
have  been  demonstrated.  Soon  thereafter,  hemo¬ 
philia  B  was  phenotypically  corrected  in  dogs 
using  retroviral  vectors  (10,  14). 

Rosenberg  and  colleagues  (25)  were  the  first  to 
perform  a  clinical  gene-marking  trial  in  stage  IV 
melanoma  patients.  Subsequently,  gene  therapy  of 
cancer  in  several  animal  models  showed  promising 
results,  using  IL-6,  IL-2  and  IFN-y  (29). 

Furthermore,  skin  gene  therapy  can  be  used  for 
the  local  treatment  of  genetically  determined  skin 
diseases  (genodermatoses).  In  this  regard,  the  in¬ 
creasing  knowledge  of  genetic  mutations  has 
helped  to  understand  a  substantial  number  of  skin 
diseases  involving  the  basement  membrane,  and 
thus  has  allowed  the  development  of  gene  therapy 
strategies.  Recent  examples  of  corrective  skin  gene 
therapy  approaches  include  the  assembly  of  hemi- 
desmosomes  in  reconstructed  epithelia  from  junc¬ 
tional  epidermolysis  bullosa  patients  (33),  and  the 
generation  of  a  functional  epidermal  barrier  in  la¬ 
mellar  ichthyosis  (4). 

Second,  the  skin  can  be  used  to  detoxify  meta¬ 
bolic  products,  if  the  necessary  enzymes  are  syn¬ 
thesized  ("metabolic  sink")  (23).  For  example,  en¬ 
zymes  such  as  ornithine-delta-aminotransferase 
can  be  produced  in  the  skin,  and  can  serve  to  clear 
hyperornithinemia  which  causes  gyrate  atrophy 
(28). 


imam 


•  Simple,  direct 

•  Transient  expression  in  limited  number  of  cells 

•  No  stem  cell  targeting 


Figure  2.  In  vivo  and  ex  vivo  gene  transfer. 


Third,  the  skin  has  potent  immunization  potential. 
This  property  was  realized  when  in  vivo  gene  trans¬ 
fer  became  possible  through  the  introduction  of 
the  “gene  gun”,  which  allowed  the  transfer  of 
genes  coated  onto  fine  gold  particles  into  a  variety 
of  mammalian  tissues  and  cells  both  in  vitro  and 
in  vivo  (13).  Subsequently,  the  direct  injection  of 
naked  plasmid  DNA  was  established,  thereby  elim¬ 
inating  the  need  of  expensive  technical  devices  (12, 
36).  Potent  cytotoxic  T  cell  and  humoral  immune 
responses  can  be  generated,  exploiting  antigen  pro¬ 
cessing  and  presentation  in  the  skin  and  muscle. 
Direct  transfection  of  antigen-presenting  Langer- 
hans  cells  has  been  shown  to  vigorously  stimulate 
immune  responses  (5).  In  addition,  proteins  which 
are  produced  in  keratinocytes  can  be  phagocytozed 
and  presented  in  the  MHC  class  I  pathway  and 
lead  to  CTL  priming  (7). 

It  has  also  been  found  that  the  balance  between 
a  Thi-  and  a  Thrtype  immune  response  can  be  in¬ 
fluenced  by  choosing  the  organ  that  is  employed 
for  vaccination  (e.g.  skin  vs  muscle)  and  the 
method  of  gene  transfer  (direct  injection  vs  gene 
gun)  (32).  In  particular,  injection  of  plasmid  DNA 
led  to  a  Thi-immune  response  (IgG2a),  whereas 
particle  bombardment  created  a  predominant  Th2- 
type  response  (IgGi)  (8,  32).  These  intrinsic  differ¬ 
ences  need  to  be  kept  in  mind  when  gene  therapy 
strategies  are  designed.  For  example,  Balb/c  mice 
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keratinocyte  culture 


•Require*  culture  and  transplantation 

•  High  efficiency  of  transfer 

•  Transfection  and  selection  for  stem  cells 
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Table  1  Achievements  and  progress  in  gene  therapy 

Improved  transduction  rate  by  pseudotyping 

Vector  targeting  to  certain  tissues  (target  cell  recognition) 

vector  targeting  to  epidermal  layers  (K14,  K10) 

Bicistronic  expression 

Reduced  immunogenicity  of  virus  vectors 

Phenotypic  correction  of  disease 


are  susceptible  to  leishmaniosis,  a  parasitic  infec¬ 
tion  associated  with  a  Th2  predominance.  By  direct 

1  Vnjecti°n  of  a  surface  glycoprotein 

^  (gP-63  cDNA),  a  Thrtype  immune  re- 

sponse  is  induced,  which  can  prevent  the  disease 
(34).  In  addition,  the  administration  of  cytokines 
and  co-sumulatory  molecules  can  further  influence 
the  type  of  the  immune  response  (31).  Recently,  the 
epidermal  route  of  genetic  immunization  has  been 
compared  with  muscular  administration  (11). 
Higher  rates  of  seroconversion,  higher  antibody  ti¬ 
mers  and  increased  cytotoxic  T-lymphocytes  have 
oeen  detected  following  the  epidermal  mode  of  im¬ 
munization. 


TWo  basic  approaches  can  be  pursued  to  transfer 
ienes  in  gene  therapy  (Fig.  2)  (13).  The  ex  vivo 
rpproach  introduces  genes  while  cells  or  tissues  are 
jemg  propagated  in  culture.  This  approach  is  com¬ 
plicated  and  requires  laborious  culturing,  but 
Allows  the  transfer  of  genes  into  large  numbers  of 
.arly  progenitor/putative  stem  cells,  which  can  be 
idected  for  the  presence  of  the  introduced  gene, 
rhis  approach  has  generally  been  used  with  retro- 
/iral  vectors.  In  contrast,  the  in  vivo  gene  transfer 
i.e.  gene  gun,  direct  injection)  is  straightforward, 
>ut  is  not  practical  for  larger  skin  areas  or  persist¬ 
ent  expression,  since  stem  cells  are  generally  not 
ransfected.  In  essence,  the  ex  vivo  setting  is  suit- 
ible  for  corrective,  long-lasting  gene  transfer, 
vhereas  the  in  vivo  techniques  are  being  used  for 
immunization,  where  transient  expression  is  de¬ 
sired. 


Various  refinements  have  been  achieved  in  vector 
echnology  and  application  procedures  (Table  1) 
fhe  advantages  of  plasmid  DNA  for  immuniz- 
ition  purposes  were  soon  recognized,  such  as  re- 
>etitive  administration  without  adverse  immune 
esponses.  Large  gene  products  can  be  synthesized 
rom  plasmids,  which  is  possible  neither  with  viral 
ransfer  (due  to  limited  capacity)  nor  with  recom- 
>inant  protein  technology  (due  to  difficulties  in 
naintaining  native  conformation  and  glycosyl- 
tion).  Whereas  recombinant  protein  is  expensive 
nd  unpredictable,  DNA  production  is  cost-effec- 
ive  and  nucleic  acids  can  be  obtained  in  large 
mounts.  Consequently,  several  attempts  have 
>een  made  to  facilitate  gene  transfer  by  simply  ap- 
'lying  the  genetic  remedy  topically  to  the  skin.  To- 
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wards  this  end,  liposomes,  adenovirus,  retrovirus 
puncturing,  jet  injection,  scratching  or  tape-strip¬ 
ping  have  proven  the  innovative  capacity  of  skin 
researchers,  but  have  not  gone  beyond  proof  of 
principle. 

The  novel  utilization  of  the  integument  for  gene 
therapy  is  due  to  the  recently  discovered  character¬ 
istic  of  keratinocytes  and  Langerhans  cells  to  take 
up  DNA.  Plasmid  DNA  is  a  large,  highly  nega¬ 
tively  charged  molecule  and  usually  is  found  in  the 
nucleus  and  mitochondria.  At  this  point,  it  is  still 
obscure  how  and  why  keratinocytes  (and  various 
other  cells)  take  up  DNA  and  translate  it  into  the 
corresponding  protein.  Current  experiments  aim 
to  identify  DNA-binding  molecules  on  the  cell 
membrane,  which  might  help  to  understand  the 
mechanism  of  uptake.  Such  an  understanding  will 
ultimately  offer  the  potential  to  optimally  exploit 
this  ability.  This  understanding  will  also  enable  re¬ 
searchers  to  more  comprehensively  evaluate  safety 
aspects  and  biocompatibility  issues  associated  with 
this  technology. 

Very  recently,  the  therapy  of  tumors  in  estab- 


Table  2.  Examples  of  skin  gene  therapy 

Clinical  application 
Metastatic  melanoma 


Hemophilia  B 

Head  and  neck  squamous  cell 
carcinoma 

Corrective  skin  gene  therapy  of 
epidermis 

Junctional  epidermolysis  bullosa 

Lamellar  ichthyosis 

Correction  of  systemic  deficits  using 
skin  ceils 

Adenosine  deaminase 
Human  growth  hormone 
Apolipoprotein  E 
Mucopolysaccharidosis  type  VII 
(0-glucuronidase) 

Fabry*  disease  (o-galactosidase) 


Rosenberg  et  ai.  1990  (25);  Nabel 
et  al.  1993  (22),  Klatzmann  et  al. 
1998  (15);  Sun  et  al.  1998  (30); 
Schreiber  et  al.  1999  (26) 

Lu  et  al.  1993  (17) 

Wollenberg  et  al.  1999  (37) 


Vailly  et  al.  1998  (33),  Seitz  et  al. 
(27) 

Choate  et  al.  1996  (4) 


Palmer  et  al.  1987  (23) 
Morgan  fet  aL  1987  (20) 
Fenjves  et  al.  1989  (9) 
Moullier  et  al.  1993  (21) 

Medin  et  al.  1996  (19) 


Table  3.  Challenges  for  the  next  decade(s) 

Tissue  and  cell-cycle-specific  targeting 

Longevity  of  expression/correction  (manipulation  of  stem  cells) 

In  vivo  regulation  of  gene  expression  (tetracycline  repressor/ecdysone) 

Control  of  immune  responses 

Excisional  repair  of  transdominant  negative  mutations 

Correction  of  entire  diseased  organ  (in  vivo  selection) 

Topical  application  (“gene  cream”) 

Safety  and  biocompatibility 
Public  acceptance 
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lishcd  tumor  models  has  directly  compared  protein 
and  DNA-induced  therapy  (24).  Treatment  with 
1L-12  cDNA  showed  similar  antitumor  effects,  but 
exhibited  fewer  side  effects  than  treatment  with  IL- 
12  protein.  This  important  study  is  the  first  to 
show  the  clinical  equivalence  of  plasmid  DNA 
with  protein  in  cancer  therapy  and  revealed  sig¬ 
nificantly  less  toxicity  for  the  DNA  approach. 

Since  the  first  therapeutic  experiments  in  the  late 
1980s,  more  than  250  additional  clinical  gene  ther¬ 
apy  trials  were  approved  and  more  than  2000  pa¬ 
tients  were  treated  worldwide  through  the  end  of 
1996  (Table  2  and  ref.  18).  The  majority  of  the 
trials  aimed  to  treat  cancer  employ  suicide  genes 
or  immunization  strategies.  Since  melanoma  is  one 
of  the  most  immunogenic  tumors,  it  represented  a 
favorable  target  for  gene-modified  cancer  vaccines 
(Table  2).  Based  on  animal  tumor  models,  a  num¬ 
ber  of  clinical  protocols  have  been  developed  to 
treat  cancer  patients  with  irradiated  allogeneic  or 
autologous  melanoma  cells  modified  with  various 
cytokine  genes  such  as  IL-2,  IL-4,  IL-7,  IL-12, 
GM-CSF,  IFN-y  or  co-stimulatory  molecules  like 
B7.1  and  B7.2  (13). 

Whereas  the  therapy  with  irradiated  genetically 
modified  tumor  cells  is  widely  accepted  from  a 
safety  standpoint,  the  utilization  of  plasmid  DNA 
is  currently  being  discussed  controversially  due  to 
potential  secondary  effects  resulting  from  long¬ 
term,  low  level  expression  eventually  leading  to  tol¬ 
erance  or  autoimmunity.  Towards  this  end,  several 
clinical  trials  have  confirmed  the  safety  of  naked 
DNA  in  humans.  Besides  therapeutic  and  prophy¬ 
lactic  vaccinations  against  HIV  and  malaria  (3, 
35),  plasmid  DNA  was  evaluated  for  immuniz¬ 
ation  against  CEA-expressing  colon  carcinoma  (6), 
and  for  the  treatment  of  arterial  occlusive  disease 
of  the  myocardium  and  leg  (16). 

Despite  the  successes,  several  challenges  exist 
which  have  not  yet  been  resolved  (Table  3).  While 
transferred  vectors  persisted,  the  expression  of  the 
transgene  was  gradually  inactivated.  Moreover, 
control  of  highly  regulated  genes  seems  critical, 
since  (e.g.)  transfer  of  the  CD40  ligand  into  bone 
marrow  led  to  constitutive  expression,  causing 
lymphoma  in  animal  models  (2). 

Under  critical  evaluation  cutaneous  gene  ther¬ 
apy  has  passed  its  infancy,  and  has  demonstrated 
proof  of  principle.  Several  technical  limitations  in 
the  transfer  from  the  culture  flask  to  the  experi¬ 
mental  animal  model  and,  finally,  onto  the  clinical 
stage  have  yet  to  be  mastered.  Cutaneous  gene 
therapy  certainly  merits  appreciation,  when  the 
relatively  small  number  of  laboratories,  the  limited 
financial  support  and  its  young  age  (about  12 
years)  are  taken  into  consideration.  The  most  sig¬ 
nificant  progress  has  been  achieved  with  DNA  im¬ 

422 


munization.  which  allows  the  endogenous  produc¬ 
tion  of  proteins  from  tumors  and  infectious  agents 
and  elicits  potent  antitumor  or  antiinfective  im¬ 
munity.  Skin  gene  therapy  has  not  yet  cured 
humans,  but  has  achieved  beneficial  clinical  re¬ 
sponses  and  has  prolonged  lives. 

Especially  for  genetic  vaccination,  skin  gene 
therapy  will  become  a  clinical  reality  in  due  course. 

Ulrich  R.  Hengge 
Dept,  of  Dermatology 
University  of  Essen,  Hufelandstr.  55 
D-45147  Essen,  Germany 
e-mail:  ulrich.hengge@uni-essen.de 
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Controversies 


It’s  been  five  years  since  many  of  us  promised  our 
patients  and  families  with  severe  inherited  skin  dis¬ 
orders  that  by  now,  clinical  trials  for  genetic  ther¬ 
apies  in  a  number  of  diseases  would  be  well 
underway. 

Yet  on  the  eve  of  the  millennium,  despite  the  fact 
that  the  molecular  bases  for  a  wide  range  of  geno- 
dermatoses  have  been  worked  out  in  breathtaking 
detail,  we  are  still  promising  our  patients  a  genetic 
remedy  “within  five”  years. 

Haven’t  we  been  here  before? 

Have  we  unknowingly  offered  false  hope? 

We  were  deeply  sincere  five  years  ago  when  we 
made  these  statements. 

So,  why  has  the  reality  not  lived  up  to  the 
promise? 

Many  of  the  patient  advocacy  organizations 
have  begun  to  ask  these  very  same  questions  to  the 
scientists  and  clinicians  who  comprise  their  Scien¬ 
tific  Advisory  Boards. 

Where’s  the  gene  therapy? 

In  response  to  this  challenge,  one  advocacy 
group,  DEBRA,  the  Dystrophic  Epidermolysis 
Bullosa  Research  Organization  of  America,  Inc., 
together  with  its  international  counterpart,  has  or¬ 
ganized  a  Visioning  Meeting  in  the  Fall  of  1999. 
The  concept  behind  this  meeting  is  to  ask  the  really 
difficult  questions  of  its  scientists,  and  using  in¬ 
vited  expert  gene  therapists  from  other  fields  as 
moderators,  to  formulate  a  plan  for  where  we 
would  like  to  be  in  2005.  It  promises  to  be  quite 
the  event,  and  as  a  DEBRA  board  member  and  an 
Editor  of  this  Journal,  I  hope  to  communicate  the 
essence  of  the  proceedings,  perhaps  as  a  follow-up 
to  this  Controversies. 

And  hard  questions  they  shall  be. 

Among  the  most  challenging  are  the  fol¬ 
lowing... 

Have  we  chosen  rational  disease  targets  and 
manageable  genes? 

One  of  the  cruel  paradoxes  of  gene  therapy  for  in¬ 
herited  skin  disorders  is  that  the  diseases  we  find  the 
most  compelling  are  the  ones  that  offer  the  greatest 
clinical  and  technical  challenges.  For  example,  reces¬ 
sive  dystrophic  epidermolysis  bullosa  (EB)  would 
certainly  come  to  mind  as  a  disorder  in  need  of  gene 
therapy.  The  molecular  basis  is  unequivocally  estab¬ 
lished,  and  it  ranks  among  the  most  devastating  of  all 
genodermatoses.  Yet,  the  gene,  type  VII  collagen,  is 
among  the  largest  in  the  literature,  making  delivery  in 
size-restricted  vectors  a  challenge.  F urther,  in  t  he  mi¬ 
lieu  of  scar  tissue  in  dystrophic  EB,  where  would  we 
even  locate  a  stem  cell  for  grafting? 


Or  consider  Herlitz  junctional  EB  (HJEB). 
Again,  the  neonatal  lethal  course  of  the  disease 
compels  us  to  search  for  a  therapy.  However,  is  a' 
disease  with  such  extensive  internal  involvement 
really  a  rational  target  for  gene  delivery?  Could  we 
possibly  hope  to  rescue  a  phenotype  as  pleiotropic 
as  HJEB?  Further,  could  we  expect  to  reconstitute 
functional  laminin  or  collagen  trimers  in  a  tempor¬ 
ally  appropriate  and  cell-type  specific  fashion  in 
order  to  effect  and  regulate  a  gene  delivery  strat¬ 
egy?  In  as  short  a  window  of  therapeutic  oppor¬ 
tunity  as  a  few  weeks? 

Might  the  milder  forms  of  these  diseases  offer 
more  rational  targets?  For  example,  would  EB  sim¬ 
plex  or  dominant  dystrophic  EB  be  better  immedi¬ 
ate  targets,  by  selective  inhibition  of  the  mutant 
alleles?  Or,  would  GABEB  offer  a  better  alterna¬ 
tive  for  working  out  a  paradigm  for  gene  delivery, 
since  type  XVII  at  least  offers  a  smaller  and  more 
manageable  gene?  Clearly,  choosing  both  a  dis¬ 
order  where  patients  are  less  severely  affected  to¬ 
gether  with  a  relatively  small  gene  and  clever  deliv¬ 
ery  strategy  might  optimize  the  chances  for  suc¬ 
cess. 

Have  we  identified  the  best  strategies  for  preven¬ 
tion  and  treatment  relative  to  the  underlying  types 
and  combinations  of  mutations? 

The  major  goals  of  managing  genetic  disease  are 
no  different  than  those  for  an  acquired  disease: 
prevention  where  possible,  and  treatment  when 
not. 

For  genodermatoses,  the  prevention  side  of  the 
equation  has  recently  reached  the  forefront  of  dis¬ 
ease  prevention  in  die  form  of  the  availability  of 
preimplantation  genetic  diagnosis  (PGD)  for 
HJEB.  In  this  procedure,  following  in  vitro- fertil¬ 
ization,  single-cell  DNA  diagnosis  is  performed 
from  8-cell  embryos  and  only  the  healthy  or  carrier 
embryos  are  transferred  back  to  the  mother  to  es¬ 
tablish  a  pregnancy  (see  Review  Article  by 
McGrath  &  Handyside  in  Exp  Dermatol  1998:  7: 
65-72).  PGD  offers  diagnosis  prior  to  pregnancy, 
thereby  obviating  the  need  for  termination  alto¬ 
gether.  It  is  truly  the  ultimate  step  in  disease  pre¬ 
vention  as  we  know  it. 

On  the  treatment  side,  we  need  to  keep  in  mind 
that  alternative  strategies  to  total  gene  replacement 
may  offer  more  efficacious  therapeutic  approaches. 
For  example,  the  use  of  homologous  recombi¬ 
nation  for  gene  correction  is  being  explored.  Anti- 
sense  and  ribozyme  technologies  for  gene  inhi¬ 
bition  may  be  applicable  for  the  dominant  dis¬ 
orders.  And  finally,  methods  of  delivery  are 
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constantly  being  refined,  vivo  versus  in  vivo. 
Grafting  versus  gene  gun.  The  list  goes  on  and 
changes  daily.  However,  because  of  the  accessibility 
of  the  skin  and  the  long-established  methods  for 
culture  of  cells  and  grafting,  we  should  find  our¬ 
selves  well-positioned  when  vectors  and  enabling 
technologies  become  available. 

And  importantly,  where  is  the  field  of  EB  rela¬ 
tive  to  the  rest  of  genetic  diseases  in  terms  of  pro¬ 
gress  toward  gene  therapy? 

This  is  the  good  news!  We  are  not  alone  in  skin 
disorders  in  promising  our  patients  gene  therapies. 
In  fact,  geneticists  in  almost  every  field  of  medicine 
have  made  similar  promises.  No  one  could  have 
anticipated  the  obstacles  that  have  plagued  the  cys¬ 
tic  fibrosis  clinical  trials'  for  example  -  for  more 
than  five  years.  No  one  could  have  predicted  that 
the  NIH  would  take  a  step  back  and  invest  heavily 
in  vectorology  for  gene  delivery  -  one  of  the  most 
precarious  of  the  technical  stumbling  blocks.  No 
one  could  have  anticipated  the  difficulties  faced  by 
many  investigators  in  maintaining  long  term  in 
vivo  gene  delivery.  Many  disciplines,  dermatology 
included,  are  still  working  furiously  to  find  the 
elusive  stem  cell. 

As  a  field,  we  are  exactly  where  we  should  be  - 
with  the  molecular  bases  of  our  target  disorders 
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The  question  posed  by  the  title  of  these  reviews, 
“How  realistic  is  cutaneous  gene  therapy?”  is 
somewhat  misleading  because  it  presupposes  that 
cutaneous  gene  therapy  is  one  entity  with  one  out¬ 
come,  when  in  fact  cutaneous  gene  therapy  is  a 
collection  of  therapeutic  approaches  that  have 
gene  transfer  to  skin  and  its  cells  as  a  common 
element  As  Ulrich  Hengge  correctly  points  out, 
cutaneous  gene  transfer  encompasses  a  variety  of 
approaches  including  viral  and  nonviral  methods 
for  ex  vivo  and  in  vivo  gene  transfer. 

It  has  been  my  experience  that  a  more  fruitful 
examination  of  cutaneous  gene  therapy  can  be  ob¬ 
tained  if  one  divides  applications  in  2  groups, 
those  requiring  transient  expression  of  the  thera¬ 
peutic  gene  and  those  requiring  long  term  ex¬ 
pression. 

Short  term  transgene  expression  is  useful  for 
such  applications  as  DNA  vaccination  whether  for 
cancer  immunization  or  for  prevention  of  an  infec¬ 
tious  disease.  For  these  applications,  as  Hengge  ex¬ 
plains,  cutaneous  gene  therapy  is  well  advanced. 
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well  in  hand,  hard  at  work  in  our  laboratories,  and 
poised  for  action  as  the  vector  and  delivery  tech¬ 
nology  evolves. 

What  we  have  learned  then,  in  five  years,  is  that 
there  is  a  great  deal  of  insight  and  understanding 
needed  after  we’ve  worked  out  the  genes  in  meticu¬ 
lous  detail. 

What  we  have  learned  is  that  Nature  does  not 
yield  her  secrets  easily,  and  that  getting  genes  into 
the  skin  is  not  going  to  be  as  easy  as  we  had  antici¬ 
pated. 

Our  hopes  were  as  high  as  those  of  the  patients 
we  serve. 

We  share  their  disappointment,  although  these 
five  years  have  not  been  without  heroic  efforts  on 
our  part.  We  believe,  nonetheless,  that  the  future 
looks  brighter  than  ever. 

Perhaps  by  choosing  the  right  course  for  the’ 
right  horse,  this  time  we  can  live  up  to  the  reality 
of  “within  five  years”. 

Angela  M.  Christiano 
Depts  of  Dermatology  and 
Genetics  &  Development 
Columbia  University 
New  York,  NY  10032 
e-mail:  amc65@columbia.edu 


Nonviral  methods  for  gene  transfer  are  relatively 
simple  and  achieve  consistent  short  term  express¬ 
ion.  A  number  of  clinical  gene  trials  using  nonviral 
gene  transfer  to  skin. as  a  route  of  vaccination  are 
underway  and  there  is  solid  evidence  from  preclini- 
cal  studies  to  be  optimistic  of  the  outcome. 

Long  term  expression  is  another  story.  Long 
term  transgene  expression  would  be  needed  to 
treat  inherited  skin  diseases  and  systemic  diseases 
amenable  to  correction  by  a  cutaneous  source  of 
secreted  gene  product.  For  long  term  expression, 
the  only  feasible  method  for  gene  transfer  is  the 
use  of  a  retroviral  vector  because  of  its  capacity 
for  integration  into  the  host  chromosome.  Long 
term  expression  has  been  difficult  to  achieve,  but 
several  inroads  into  this  problem  have  been  made. 

First,  modification  of  the  promoter  within  a  re¬ 
troviral  vector  has  helped  to  enhance  and  perhaps 
prolong  expression  (1,  2).  However,  in  none  of 
these  studies  have  data  been  presented  directly 
showing  enhanced  or  prolonged  transcription  from 
the  putative  transcriptional  initiation  site.  Without 
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direct  examination  of  promoter  activity  in  the  in 
vivtf  tissue,  it  is  difficult  to  rule  out  other  factors 
such  as  differences  in  grafting  techniques  or  en¬ 
hanced  transduction  of  stem  cells. 

A  second  inroad  has  been  the  successful  trans¬ 
duction  of  keratinocyte  stem  cells  in  culture.  This 
was  pointed  out  in  two  recent  studies  (3,  4).  How¬ 
ever,  the  importance  of  efficient  stem  cell  transduc¬ 
tion  (5)  has  not  been  fully  appreciated.  Efforts  to 
improve  in  vivo  performance  through  modification 
of  the  enhancer/promoter  complex  may  not  be  ef¬ 
fective  if  only  a  small  number  of  stem  cells  are  suc¬ 
cessfully  transduced.  Even  if  the  promoter  regulat¬ 
ing  the  transgene  is  highly  active,  if  only  a  small 
percentage  of  stem  cells  in  the  tissue  are  transduc¬ 
ed,  transgene  expression  levels  in  the  grafted  ani¬ 
mal  will  be  low. 

There  is  an  additional  problem  underlying  many 
studies  of  long  term  expression,  and  this  relates  to 
difficulties  in  securing  stable  grafts  in  immuno¬ 
compromised  animals.  Long  term  expression 
studies  require  that  ex  vivo  modified  cells  be  ac¬ 
commodated  for  extended  periods  of  time  in  an  in 
vivo  environment.  We  are  now  able  to  achieve  long 
term  grafts  of  human  keratinocytes  and  fibroblasts 
routinely  in  athymic  mice  for  observation  periods 
as  long  as  40  weeks,  but  this  capability  did  not 
come  easily.  It  required  considerable  commitment 
of  time  and  resources  as  well  as  the  collaborative 
efforts  of  scientists  in  other  labs  to  optimize  raft 
cultures  and  grafting  procedures.  It  has  been  our 
experience  that  when  grafts  are  unstable,  that  is, 
they  undergo  contraction,  or  are  invaded  by  mouse 
epithelial  cells,  or  become  inflamed,  transgene  ex¬ 
pression  is  also  unstable  and  is  likely  to  be  lost. 
We  do  not  know  the  mechanism  underlying  this 
instability  but  a  lack  of  sustained  expression  in  an 
unstable  graft  poses  a  particularly  difficult  set  of 
results  to  interpret.  Investigators  attempting  to 
study  long  term  in  vivo  expression  will  need  to  de¬ 
velop  methods  for  securing  stable  grafts  in  a  rou¬ 
tine  way. 

In  his  review,  Dr  Hengge  notes  that  there  are  no 
in  vivo  gene  transfer  methods  that  achieve  long 
term  expression.  This  was  correct  at  the  time  of 
writing,  but  most  recently  a  paper  from  our  lab¬ 
oratory  has  appeared  (6)  describing  direct,  in  vivo 
transduction  of  interfollicular  and  follicular  kera- 
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tinocytes  with  high  titer  retroviruses  with  long 
term,  sustained  transgene  expression.  The  ability 
to  transduce  epidermis  and  hair  follicles  directly 
may  enable  corrective  gene  transfer  without  the 
necessity  for  surgical  placement  of  ex  vivo  modi¬ 
fied  autologous  cells  and  the  attendant  compli¬ 
cations  that  follow  such  a  procedure.  We  believe 
this  to  be  an  important  advance  for  cutaneous 
gene  therapy. 

Angela  Christiano  poses  a  more  difficult  ques¬ 
tion  than  feasibility  of  cutaneous  gene  therapy.  Dr 
Christiano  asks  what  genodermatoses  could  we  re¬ 
alistically  hope  to  treat,  including  the  severe,  wide¬ 
spread,  crippling  disorders  such  as  recessive  dys¬ 
trophic  EB  or  Herlitz  junctional  EB,  or  the  milder 
forms  such  as  EB  simplex.  This  is  a  more  difficult 
question  because  the  milder  forms,  though  more 
amenable  to  therapy,  are  less  likely  to  require  inter¬ 
vention,  while  the  more  severe  forms  are  over¬ 
whelming  in  their  need  for  intervention,  but  are 
unlikely  to  be  ameliorated  in  a  significant  way  by 
a  gene-based  therapy. 

This  is  truly  a  dilemma  for  which  there  is  no 
simple  answer.  I  would  think  we  aim  for  the  more 
severe  forms  in  our  research  goals,  but  in  practice 
we  treat  the  less  severe  forms,  at  least  in  initial 
therapy  trials.  We  need  to  explain  this  to  patient 
advocacy  groups.  Although  these  groups  are 
anxious  for  relief,  they  have  shown  a  generosity  of 
spirit,  a  strong  desire  to  understand  their  affliction, 
and  are  likely  to  be  more  accepting  of  our  limi¬ 
tations  than  we  are. 

Lome  B.  Taichman 
Dept  of  Oral  Biology  &  Pathology 
SUNY  at  Stony  Brook 
Stony  Brook,  NY  11794-8702 
e-mail:  ltaichma@epo.som.sunysb.edu 
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Much  has  been  said  about  the  suitability  of  skin 
as  an  ideal  vehicle  for  gene  therapeutic  approaches 
utilizing  genetically  manipulated  keratinocytes  to 
introduce  foreign  gene  products  for  local  or  sys¬ 
temic  delivery  to  the  body.  The  feasibility  of  this 
approach  has  begun  to  be  addressed  experimen¬ 
tally  and  resulted  in  the  identification  of  important 
problems  as  discussed  in  Viewpoints  1  &  2.  One  of 
the  recurring  issues  that  I  want  to  discuss  is  the 
requirement  for  stem  cell  transduction  to  achieve 
lasting  therapy,  a  view  that  I  subscribe  to  while 
keeping  an  open  mind  about  the  feasibility  of  do¬ 
ing  so  efficiently  and  without  losing  these  cells  to 
differentiation  during  ex  vivo  manipulation. 

The  questions  pertaining  to  the  manipulation  of 
keratinocyte  stem  cells  for  cutaneous  gene  therapy 
are  “Can  we  isolate  these  cells?”;  “Can  we  trans¬ 
duce  them  efficiently?”;  “Can  we  maintain  stem 
cell  properties  during  these  manipulations?”;  “Will 
we  achieve  lasting  therapy  when  we  have  overcome 
all  these  hurdles?” 

Speaking  from  experience,  at  present  it  is  cer¬ 
tainly  possible  to  obtain  small  numbers  of  stem 
cells  using  cell  sorting  techniques.  It  would  be 
highly  desirable  to  develop  methods  such  as  pan¬ 
ning  or  magnetic  selection  that  would  permit  the 
isolation  of  larger  numbers  of  these  cells,  since  cur¬ 
rently  it  is  clear  that  stem  cells  have  a  limited  life¬ 
span  in  culture  making  ex  vivo  expansion  difficult. 
However,  studies  aimed  at  defining  factors  in¬ 
volved  in  self-renewal  of  stem  cells  may  provide  a 
means  of  achieving  controlled  expansion  and 
transduction  of  these  cells  -  after  all,  stem  cells 
cycle  and  return  to  quiescence  in  vivo. 

Alternatively,  let  us  consider  whether  we  need  to 
go  to  the  trouble  of  isolating  stem  cells  to  transdu¬ 
ce  them?  Data  from  many  laboratories  show  that 
cells  can  be  cultured  transduced  en  masse  and 
transplanted  onto  mice,  giving  rise  to  fully  formed 
epithelia  (1-5).  Kolodka  et  al.  (5)  provide  compel¬ 
ling  evidence  that  transplanted  human  keratino¬ 
cytes  transduced  with  retroviral  vectors  show  con¬ 
tinued  expression  for  almost  a  year  in  vivo.  The 
question  then  is  whether  the  frequency  of  stem 
cells  transduced  in  mass  cultures  (i.e.  without  puri¬ 
fication  of  stem  cells)  is  sufficient  for  therapeutic 
purposes.  To  this  end,  it  is  worth  noting  a  study 
by  Wang  et  al.  (6)  who  reported  that  grafting  a 
piece  of  tail  skin  from  a  transgenic  mouse  produc¬ 
ing  human  growth  hormone  (hGH)  under  the  con¬ 
trol  of  the  K14  promoter,  onto  a  normal  recipient 
resulted  in  secretion  of  this  hormone,  but  not  at 
physiological  levels,  despite  expressing  hGH  in  all 


basal  keratinocytes.  This  is  where  the  development 
of  better  vectors  will  have  a  major  role  to  play  in 
gene  therapeutic  approaches. 

To  live  up  to  the  challenge  of  “Controversies  in 
Dermatology”,  I  would  like  to  put  a  twist  on  our 
assumptions  that  stem  cells  must  be  transduced  for 
long-lived  therapy.  This  seems  a  reasonable  notion 
given  that,  in  vivo,  other  proliferative  cells  are 
short-lived,  and  if  one  assumes  a  stem  cell  is  in¬ 
herently  a  unique  and  irreplaceable  cell.  However, 
it  appears  that  even  K10  positive  keratinocytes 
which  have  initiated  differentiation  are  capable  of 
proliferating  for  several  months  in  culture  (7),  and 
indeed  revert  phenotypically  to  transit  amplifying 
cells  expressing  high  levels  of  0^4  integrin  (Li  & 
Kaur,  unpublished  data). 

I  would  like  to  speculate  that,  although  stem 
cells  are  indeed  unique  and  special  in  vivo,  the  epi¬ 
dermis  may  be  a  more  plastic  tissue  than  sus¬ 
pected,  should  the  demand  arise.  What  I  am  sug¬ 
gesting  is  that  a  stem  cell  is  only  a  stem  cell  in 
the  right  milieu  composed  of  neighboring  transit 
amplifying  cells  and  underlying  connective  tissue 
with  a  role  for  both  endogenous  and  external  regu¬ 
lating  factors,  such  as  growth  factors  and  extra¬ 
cellular  matrix  components.  It  may  then  be  poss¬ 
ible  for  us  to  culture  keratinocytes  from  a  patient, 
genetically  modify  these  and  graft  them  back  - 
with  re-establishment  of  stem  cells,  transit  amplify¬ 
ing  cells  and  their  differentiated  progeny  in  situ\ 
This  plasticity  model  also  provides  an  explanation 
for  the  observation  that  manipulation  of  cells  in 
vitro  and  regrafting  them  results  in  reformation  of 
a  normal  epithelium.  It  is  also  completely  in  line 
with  our  own  recent  data  which  indicates  that  stem 
cells  are  not  the  only  cells  capable  of  forming  an 
epidermis  (Li  &  Kaur,  unpublished  data). 

It  may  just  be  a  fantasy,  but  wouldn’t  it  be  a  great 
outcome  for  gene  therapy  if  there  was  no  require¬ 
ment  for  stem  cell  isolation  or  manipulation? 
Wouldn’t  it  be  incredible  if  the  epidermis  was  a 
unique  tissue  in  terms  of  its  plasticity  and  great  po¬ 
tential  for  growth?  This  would  truly  make  the  epi¬ 
dermis  an  ideal  candidate  for  gene  therapy.  Of 
course,  experimentation  to  elucidate  the  facts  is  re¬ 
quired  to  determine  the  appropriate  way  to  proceed. 

Pritinder  Kaur 
Division  of  Hematology 
Hanson  Ctr.  for  Cancer  Res 
Inst,  of  Medical  and  Vet.  Sci. 
Adelaide,  SA  5000,  Australia 
e-mail:  pritinder.kaur^imvs.sa. gov.au 
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Commentary  3 


The  increasingly  rapid  advances  in  our  knowl¬ 
edge  of  skin  are  exciting  to  observe  and  a 
tiajor  spin-off  over  the  last  10—15  years  is  the 
development,  in  principle,  of  methods  for  cu¬ 
taneous  gene  therapy.  Their  application  is  in 
.wo  main  directions.  One  is  to  use  the  skin  as 
i  therapeutically  useful  bioreactor  to  secrete 
normal  products  and  replace  defective  proteins 
n  a  range  of  genetic  disorders,  and  the  other 
s  more  focused,  the  treatment  of  genetic  con¬ 
ditions  of  the  skin. 

Ulrich  Hengge  gives  a  comprehensive  survey 
of  the  cutaneous  gene  therapy  literature  in  the 
broad  perspective  and  reviews  the  many  possible 
ways,  ex  vivo  or  in  vivo,  systemic  and  local,  of 
utilizing  the  skin  route  for  a  range  of  therapies. 
Animal  models  of  cutaneous  gene  therapy  are 
abundant  in  the  literature  but  significant  human 
trials  have  not  yet  occurred. 

The  skin  is  the  largest  organ  in  the  body 
with  both  keratin ocytes  and  fibroblasts  as  major 
components.  It  would  appear  to  have  enormous 
potential  especially  via  the  remarkably  versatile 
keratinocyte  that  normally  manufactures  and  se¬ 
cretes  a  wide  range  of  proteins,  from  cytokines 
to  basement  membrane  components.  The  skin  is 
more  readily  monitored  than  other  organs  and 
its  use,  as  a  kind  of  pseudo-liver  (“metabolic 
sink”)  would  seem  to  be  particularly  powerful. 

Problems  lie  in  the  targeting  of  genes  to  epi¬ 
dermal  stem  cells  and  vectors  for  the  stable 
transfection  of  keratinocytes  are  essential  for 
optimal  therapy.  Retroviral  vectors  are  efficient, 
but  could  carry  unpredictable  consequences  for 
the  phenotype.  Plasmids  can  be  used,  but  trans¬ 
fection  is  inefficient.  Hence,  much  research 
needs  to  be  done  to  deal  with  these  problems 
including  the  control  of  expression  of  the  trans¬ 
gene.  Nonetheless,  we  should  remain  optimistic 
that  there  will  be  some  degree  of  success  in  the 
next  few  years  and  a  longer-term  possible  solu¬ 
tion  is  discussed  later. 

Angela  Christiano  confronts  the  BIG  chal¬ 
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lenges  of  the  genodermatoses,  especially  the  di¬ 
verse  EB  group,  and  as  she  points  out,  prom¬ 
ises  of  therapies  made  to  patients  have  not  been 
fulfilled.  Equally,  therapies  for  genetic  diseases 
in  general  such  as  cystic  fibrosis,  have  been  dis¬ 
appointing.  For  the  genodermatoses,  the  strik- 
ingly-rapid  delineation  of  the  molecular  causes 
of  the  bullous  diseases  plus  the  equally-rapid 
development  of  DNA  manipulation,  stem  cell 
identification  and  DNA  delivery  systems  placed 
investigative  dermatologists  into  an  optimistic 
(but  reasonable)  attitude  that  treatment  modes 
would  be  around  the  corner.  The  negative  press 
also  may  have  subdued  the  enthusiasm  of 
funding  providers  and  that  needs  to  be  ad¬ 
dressed. 

One  can  agree  with  Angela  Christiano  that 
Herlitz  junctional  EB  (JEB),  for  example,  could 
be  a  difficult  choice  for  therapy  because  of  the 
potential  multiplicity  of  defective  components  in 
the  basal  lamina  that  need  correction.  Using 
keratinocytes  from  a  JEB  patient,  groups  in 
Nice  and  Rome  have  demonstrated  re-express- 
ion  of  laminin  5  with  repair  of  hemidesmo- 
somes  and  adhesion  at  the  culture  level,  but 
this  is  still  a  long  way  from  treatment  regimes 
that  might  require  correction  of  .even  more  than 
one  gene. 

The  immediate  future  exists  in  the  develop¬ 
ment  of  vectors  for  delivery  into  autologous 
keratinocytes  of  a  range  of  possible  gene  ele¬ 
ments)  -  be  it  a  ribozyme  to  remove  defective 
gene  function,  or  replacing  the  defective  gene 
with  a  normal  one. 

Effective  therapy  requires  permanency 
through  stem  cells  and  stable  gene  insertions. 
Perhaps  the  real  long-term  future  for  all  gene 
therapy,  genodermatoses  included,  could  reside 
in  the  relatively  recent  revelation  that  in  enu¬ 
cleated  oocytes,  adult  somatic  chromatin  can  be 
dedifferentiated  to  pluripotentiality  and  repro¬ 
grammed  to  produce  clones  of  an  animal  (1,  2). 

What  could  be  around  the  corner  is  a  revol- 
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utionary  method  for  the  wrrection  of  muta- 
w  tions  in  keratinocytes  per  se ,  or  the  insertion  of 
a  desirable  gene  for  other  genetic  reasons.  It 
would  be  an  ex  vivo ,  cell  therapy  procedure  and 
would  involve  biopsy  and  keratinocyte  expan¬ 
sion  in  culture,  dedifferentiation,  homologous 
recombination  with  the  normal  gene,  followed 
by  reprogramming  to  the  keratinocyte  lineage 
and  grafting  to  the  patient. 

Of  course,  we  don’t  yet  have  the  defined  con¬ 
ditions  for  dedifferentiation  in  vitro  that  simu¬ 
late  what  can  be  achieved  in  oocytes,  and  we 
don’t  know  what  degree  of  dedifferentiation 
would  be  adequate  to  carry  out  the  scenario 
proposed.  However,  on  present  indications  of 
known  factors  (e.g.  LIF),  the  answers  will 
surely  eventuate,  possibly  quite  rapidly.  Biologi¬ 
cal  factors  of  the  opposite  kind,  that  act  in  di¬ 
recting  the  differentiation  of  embryonic  stem 
cells  to  primitive  ectoderm,  are  already  being 
isolated  (3). 
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Epidermal  gene  therapy  is  indeed  worth  consider¬ 
ing.  However,  especially  when  it  comes  to  treat¬ 
ment  of  localized  skin  diseases,  substantial  hurdles 
were  described,  such  as  dominant  mutations  and  a 
need  for  regulated  expression.  But  then,  will  it  be 
less  problematic  to  use  epidermal  gene  therapy  to 
treat  systemic  disorders,  such  as  metabolic  dis¬ 
eases? 

Sustained  epidermal  gene  expression  requires 
gene  transfer  into  stem  cells.  Several  studies  have 
suggested  that  this  might  be  possible  (1-5),  and  the 
advances  in  characterization  of  these  cells  and  in 
defining  their  location  in  the  skin  (6)  will  probably 
further  enhance  the  possibilities  of  specific  stem 
cell  targeting. 

Epidermal  gene  therapy  with  the  purpose  of 
achieving  sustained  gene  expression  has  mostly 
been  based  on  the  use  of  retroviral  vectors.  Deliv¬ 
ery  of  retroviral  vectors  directly  to  the  skin  (in  vivo 
gene  therapy)  has  been  difficult  to  achieve,  and 
therefore  retrovirally  mediated  gene  transfer  into 
the  skin  has  been  performed  ex  vivo  followed  by 
grafting.  Because  of  the  technical  difficulties  and 
expenses  associated  with  these  procedures, 
methods  allowing  in  vivo  delivery  followed  by  long 
term  expression  will  be  of  great  value.  Chimeric 
viral  vector  systems  that  incorporate  the  favorable 
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Finally,  “the  prevention  better  than  therapy” 
argument  is  a  sensible  one,  and  the  single-cell 
pre-implantation  diagnostic  technique  on  very 
early  embryos  is  a  striking  advance.  However, 
surely  the  difficulties  here  are  the  identification 
of  possible  carriers  for  testing  by  this  procedure 
and  the  acceptability,  on  medical  and  ethical 
grounds,  of  obligatory  in  v/7ro-fertilization  to 
those  patients  potentially  at  risk. 

George  Rogers 
Dept  of  Animal  Sci,  Waite  Campus 
University  of  Adelaide,  Adelaide,  SA  5064 
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attributes  of  two  different  viral  vectors,  such  as  the 
efficient  in  vivo  transduction  properties  of  adenovi¬ 
ral  vectors  and  the  stable  integration  of  retroviral 
vectors,  might  be  a  solution  to  these  problems. 
Combination  of  viral  and  non-viral  gene  transfer 
methods,  such  as  the  use  of  plasmovirus  (7), 
should  also  be  considered. 

Why  consider  epidermal  gene  therapy  of  metabolic 
diseases? 

The  skin  is  the  largest  organ  in  the  body.  Epider¬ 
mal  keratinocytes  have  a  high  metabolic  capacity, 
they  can  readily  be  cultivated  in  vitro  and  trans¬ 


late  i. 


Neo-organ 

Metabolic  sink 

apoE 

Ornithine  aminotransferase 

apoAl 

Adenosine  aminotransferase 

Factor  VIII 

Phenylalanine  hydroxylase 

Factor  IX 

Ornithine  transcarbamylase 

Human  growth  hormone 

LDL-receptor 

Transferrin 

Insulin 

Erythropoietin 

Report  Page. 


Controversies 


* 

planted  back  onto  patients.  The  biuod  supply  to 
th^skin  is  considerable  (8.5%  of  the  cardiac  out¬ 
put),  it  can  be  regulated,  and  it  can  exceed  the  de¬ 
mand  at  least  10  fold.  For  safety  reasons,  the  skin 
is  also  very  attractive,  since  genetically  modified 
cells  can  be  easily  removed. 

Two  scenarios  can  be  visualized,  either  the  pro¬ 
duction  of  medically  relevant  proteins  in  keratino- 
cytes  that  secrete  them  into  the  circulation  epider¬ 
mis  as  a  “ neo-organ ”  (8),  or  production  of  enzymes 
that  can  detoxify  the  body  for  toxic  substances  ac¬ 
cumulating  in  certain  disorders  the  “ metabolic  sink 
approach ”  (9)  (Table  1). 

For  each  application  it  is  important  to  investi¬ 
gate  in  detail  the  molecular  mechanisms.  Consider 
the  delivery  of  a  protein  to  the  circulation.  What 
are  the  transport  barriers?  The  efficiency  of  syn¬ 
thesis  and  secretion  varies  substantially  among  dif¬ 
ferent  proteins.  The  transport  across  the  basement 
membrane  probably  depends  on  the  size  and  the 
hydrophobicity  of  the  protein.  Also,  the  stability 
of  the  protein  in  the  circulation  is  important  to 
consider. 

For  the  “metabolic  sink”  approach  the  situation 
is  even  more  complicated. 

As  illustrated  by  the  attempts  to  clear  ornithine 
from  the  skin  (10),  the  metabolic  capacity  of  an 
epidermal  graft  depends  not  only  on  the  amount 
of  enzyme  produced  in  the  cells,  but  also  on  par¬ 
ameters  such  as  co-factor  supply,  regional  sub¬ 
strate  concentrations  and  clearance  of  downstream 
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The  start  of  Molecular  Pathology  was  in  1949  with 
the  finding  of  a  difference  in  the  electrophoretic 
mobility  of  normal  hemoglobin  and  sickle  cell 
hemoglobin  (HbS).  In  1957,  a  valine  for  glutamic 
acid  substitution  in  the  beta-chain  was  determined 
to  cause  HbS  with  its  abnormal  physical  prop¬ 
erties.  Sickle  cell  anemia  is  a  serious  disease  and 
occurs  in  0.15%  of  American  blacks;  8%  of  Ameri¬ 
can  blacks  are  carriers.  Yet,  50  years  after  deter¬ 
mining  the  basis  of  the  disease  there  is  still  no  mol¬ 
ecular  therapy. 

Bone  marrow  transplantation  works.  A  ri- 
bozyme-based  method  for  treatment  has  passed 
the  proof  of  concept  phase,  but,  still  no  magic  bul¬ 
let  for  a  common  and  important  disease.  An  inter¬ 
esting  approach  to  therapy  is  using  azacytidine  or 
hydroxyurea  to  increase  hemoglobin  F,  decreasing 


metabolites.  In  fact,  geiK,iC  manipulation  at  sev¬ 
eral  points  along  the  metabolic  pathway  will  prob¬ 
ably  be  necessary  to  achieve  clinical  success. 

In  spite  of  the  challenges  associated  with  gene 
therapy  of  skin  diseases,  there  are  no  indications 
so  far  that  systemic  metabolic  diseases  will  be  a 
more  straightforward  target  for  epidermal  gene 
therapy  than  classical  genodermatoses. 

Thomas  G.  Jensen 
Department  of  Human  Genetics 
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sickling  and  helping  the  disease.  Sickle  cell  anemia 
is  a  powerful  example  that  lenowing  the  molecular 
cause  does  not  rapidly  lead  to  a  molecular  cure. 
Learning  patience  is  hard. 

Blackboard  schemes  of  therapy  should  not  lead 
to  hyperbole  and  resulting  hubris  —  this  is  the 
Faustian  trap  which  has  caught  many  well-inten¬ 
tioned  scientists.  One  should  not  be  surprised  that 
many  viral  based  vectors  will  lead  to  antibodies 
which  may  interfere  with  the  treatment.  Raising 
false  hope  can  be  even  more  destructive  to  the  pa¬ 
tient  and  their  families  than  the  ignorance  of  a  dis¬ 
ease. 

These  are  some  of  the  issues  that  require  more 
consideration  ( 1 ,  2). 

•  Dominant  Negative  Mutations:  a  serious  issue  - 
a  little  of  a  “bad  molecule”  can  interfere  with 

429 


Report  Page. 


Wengge  et  al. 

w  large  amounts  of  a  normal  molecule,  especially 
a  problem  with  some  cytokeratin  mutations. 

•  Stem  Cell  Targets:  if  a  gene  is  integrated  into 
the  more  differentiated  cells,  repeated  therapy  is 
needed.  This  is  not  the  end  of  the  world  -  most 
drugs  for  most  conditions  require  continued,  al¬ 
beit,  intermittent  administration.  Stem  cells 
may  not  be  the  real  or  the  desired  target  -  their 
turnover  may  be  too  low.  Introduction  into  a 
cell  like  a  transient  amplifying  cell  may  be 
better. 

•  Change  the  mutations:  with  point  mutations 
there  are  drugs  which  can  change  the  transcrip¬ 
tion  of  a  nonsense  or  termination  codon  into  a 
functional  codon  with  therapeutic  effect. 

•  Regulate  the  molecule:  this  approach  is  not  val¬ 
ued  as  much  as  it  should  be.  With  the  whole 
human  genome  available  for  transcription,  there 
is  the  basis  for  increasing  fetal,  embryonic  or 
geriatric  transcripts  which  can  change  the  physi¬ 
ology  of  the  cell  and  its  internal  and  secreted 
products.  Growth  factors  such  as  TGF-beta  and 
retinoids  can  change  the  ratio  and  transcription 
of  specific  gene  products. 

The  important  lesson  is  to  not  limit  your  think¬ 
ing  by  considering  “gene  therapies”  to  mean  only 
introducing  genes.  Think  of  changing  the  tran¬ 
scription  of  messengers,  think  inducing  genes, 
which  are  not  normally  expressed  at  sufficient 
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Remember  the  last  of  those  nasty  computer  vi¬ 
ruses,  Melissa:  one  click  on  the  attachment  and  all 
those  post-doc-man-years  of  hard  work  disap¬ 
peared,  as  it  gobbled  its  way  through  your  hard 
drive,  lost  for  eternity.  Well,  there  is  a  far  more 
pernicious  virion  that  has  been  spreading  through 
the  biomedical  community  for  at  least  10  years. 

Seemingly  invisible  to  the  collective  immune  sys¬ 
tem,  this  destructive  little  creature,  unblemished  by 
logical  assault,  or  rational  drug  design,  has  now 
spread  to  the  lay  public,  grant  givers,  fund-raisers, 
and  patient  groups.  This  is  the  virus  of  gene  ther¬ 
apy,  and  to  understand  its  destructive  force,  to 
fathom  its  epidemiology,  we  need  to  understand  its 
symbiosis  with  that  icon  of  20th-century  biology, 
genetics. 

Genetics  has  had  two  golden  periods  in  the  pres¬ 
ent  century.  The  first  being  the  re-discovery  of 
Mendel's  work,  and  the  subsequent  resolution  of 
the  treatment  of  what  we  would  now  call  Mendel- 
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quantities  to  be  therapeutic.  Such  changes  may  be 
using  old  style,  low  molecular  weight  drugs,  anti- 
sense  and  triplex  nucleotides,  ribozymes  and  the 
like. 

Hope  -  molecular  biology  gives  hope  for  pre¬ 
venting  serious  diseases  by  diagnosis  in  the  preim¬ 
plantation  stage  as  discussed  by  Dr  Christiano,  a 
powerful  methodology. 

If  we  fall  prey  to  being  mesmerized  by  molecular 
wizardry  and  scientific  paraphernalia  and  lose  the 
ability  to  think  about  attacking  genetic  diseases  in 
all  the  ways  possible,  we  have  not  benefited  fully 
from  the  new  technologies.  The  real  new  therapies 
will  be  elegant  and  use  all  of  the  molecular  knowl¬ 
edge  we  have  obtained  about  the  skin  and  its  genes. 
Let’s  continue  working  -  patients  are  counting  on 
us  to  fulfill  our  promises. 
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ian  disorders  and  complex  (or  let  us  say  Gaussian 
traits)  in  the  synthesis,  by  Fisher  and  others,  that 
is  now  quantitative  genetics.  Then  there  is  an  inter¬ 
lude  of  say  50  years,  broken  only  by  Crick  and 
Watson’s  discovery,  before  the  technical  outpour¬ 
ings  of  the  last  2  decades,  allowing  the  tracking  of 
disease-associated  genes.  The  technical  facility  of 
reverse  genetics,  together  with  the  insights  into  the 
use  of  polymorphisms  between  subjects  to  track 
disease,  by  David  Botstein  and  others,  have  pro¬ 
vided  disease  researchers  with  a  golden  period  of 
essentially  molecular  natural  history:  “molecular 
case  reports”  as  Bert  Vogelstein  remarked  of  a 
major  genetics  journal. 

The  achievements  of  this  approach,  are  either 
over-hyped  beyond  recognition  -  understandably, 
perhaps  -  or  even  more  curiously  underplayed. 
And  the  reasons  for  this  latter  aspect  belie  the 
problems  of  gene  therapy.  Thus,  the  importance  of 
gene  identification  of  Mendelian  disorders,  prog- 
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nosi^classification,  clinical  bootstrapping  m  terms 
of  syndrome  identification  and  diagnostic  acumen, 
or  prenatal  diagnosis  and  preventative  inter¬ 
vention,  are  perhaps  overlooked  in  the  mad  dash 
for  therapy,  and  the  delusion  of  the  generic  ap¬ 
proach  to  medical  science.  Let  me  explain. 

The  strength  of  positional  cloning  and  of  much 
human  genetics  has  been  that,  essentially,  it  has 
been  a  black  box  approach.  Anonymous  markers 
cosegregating  with  a  phenotype  can  be  tracked. 
Genes  for  a  disease  can  be  found  in  the  complete 
absence  of  knowledge  of  pathophysiological  mech¬ 
anisms:  a  revolutionary  concept  that  should  still 
make  us  sit  up  and  stare.  Yet,  progress  from  here 
is  less  generic*  and  here  lies  the  hubris. 

Genetics  has  wedded  itself  to  big  science,  a  form 
of  physics  envy,  and  wishes  to  drive  its  ambitious 
project  forward  in  two  directions,  gene  therapy, 
and  the  genetic  elucidation  of  complex  disease. 
Both  projects  remain  at  present  triumphs  of  mar¬ 
keting  over  substance.  It  is  as  though  everybody 
has  started  to  believe  those  opening  sentences  of 
their  own  grant  applications. 

Yet  history  suggests  that  the  golden  period  of 
physics  ended  with  the  transition  to  big  science, 
and  that  the  most  interesting  areas  of  the  hard 
sciences  have  been  relocated  to  former  intellectual 
backwaters.  Such  will  be  the  fate  of  this  new  bi¬ 
ology.  Whereas  positional  cloning  has  enjoyed  the 
generic  nature  of  its  activity  —  just  show  a  pedigree 
to  a  human  geneticist,  who  cares  less  about  context 
or  how  you  spell  the  name  of  the  disease  -  there  is 
no  logical  process  to  proceed  to  therapy  from  gene 
identification.  Medicine  remains  a  branch  of  ap¬ 
plied  biology,  opportunists  standing  on  the  backs 
of  medicinal  chemistry. 


Controversies 

This  isn’t  to  deny  a  role  for  gene-based  therapy. 
I  think  there  will  be  such  niches,  and  these  avenues 
of  opportunity  should  be  exploited.  It  is  just  that, 
at  present,  the  subject  shares  the  intellectual  finesse 
of  somebody,  who,  aware  of  Pasteur’s  elucidation 
of  the  infectious  nature  of  disease,  seeks  to  pre¬ 
empt  the  next  century  of  discovery  by  having  “dis¬ 
covered,  that  most  microbes  are  heat  sensitive”  an¬ 
nounces  -  by  press  release  closely  followed  by 
stock  market  flotation  -  that  man’s  fight  with  in¬ 
fectious  disease  is  over.  Delivery  of  destruction, 
friendly  fire,  acceptability,  limited  collateral  dam¬ 
age,  to  use  military  terms,  or  even  biological 
plausibility  are  all  given  short  shrift! 

So  how  do  we  go  forward?  First  a  little  realism. 
Impact  factors,  and  glossy  covers  don’t  match  the 
recent  (albeit  incremental)  successes  of  photother¬ 
apy,  topical  immunosuppression  or  the  rediscovery 
of  the  infectious  nature  of  some  forms  of  eczema. 
Second,  in  English  at  least,  the  political  use  of  the 
word  revolution  comes  from  Galileo’s  use  of  the 
same  word  to  describe  the  motion  of  the  planets. 
Science  needs  to  remain  a  revolutionary  activity: 
forget  grand  strategies,  5-year  plans,  post  genome- 
integrative  projects  to  ensure  full  employment  of 
geneticists.  Think  small.  As  the  poet  and  mystic 
William  Blake  understood,  if  you  want  to  do  good, 
do  it  in  the  study  of  those  “minute  particulars”. 
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